this recent progress, numerical analysis of nonlinear partial differential
equations in three dimensions, as well as many other frontier questions,
still await new mathematical methods.

New mathematics can also make the difference in two important
questions of speed. Can calculations be performed fast enough to be
useful? In many engineering questions, an overnight turn-around is es-
sential. Secondly, new mathematics can resolve whether a calculation is
only feasible, or whether it can be performed in the real time necessary
for a practical purpose like landing an aircraft.

Numerical mathematics plays a critical role in three remarkable
developments: the replacement of experiments by computer simulation,
decision science, and signal and data processing. Computing can be
cheaper than experimenting. It is much easier to modify experimental
design in a computer study then in an actual physical experiment. In
some projects experimentation is dangerous or impossible.

In aerodynamics, the design of aircraft, of turbines, and of com-
pressors is done with computer assistance. The ability to calculate aero-
dynamics forces on the space shuttle was an absolute necessity for the
operation of the flight simulator in which the pilots of the space shuttle
were trained.

Some other applications of numerical fluid dynamics are: the de-
sign of naval vessels, the calculation of combustion patterns, the flow of
a mixture of oil and water (or other chemicals) in enhanced oil recov-
ery, multiphase flow in reactors under transient conditions, the flow of
ground water through crushed rock, and the propagation of sound sig-
nals through geological layers, etc. Nuclear fusion reactor design relies
on mathematical modeling: the plasmas at the densities that we wish
to create are not yet available on earth; they exist only as mathematical
models. The same is true of the development of laser fusion.

Operations research, an area of decision science relying on mathe-
matical manipulation of stored data, has helped enormously to stream-
line large scale operations and insure the optimal use of resources. From
its first industrial applications to the scheduling of petroleum refiner-
ies in the early 1950s, linear programming has resulted in substantial
gains in the efficiency of the operations it was used to analyze. Topol-
ogy, convex analysis, combinatorics, and geometry all contributed to the
development of the mathematical model.
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